Tuning cell differentiation patterns and single cell dynamics by regulating proteins' functionalities in a toggle switch.
We investigate how the regulation of protein multi-functionalities affect the dynamics of a stochastic model of a toggle switch and the differentiation pattern of cell population regulated by the switch. We study the effects of loss of functionality in DNA-binding and repression and the involvement in differentiation pathway choice. First is shown how the patterns of cell differentiation differ, when each of these functionalities is fully non-functional. Next, tuning the fraction of non-functional proteins regarding the ability to bind DNA is shown to allow fine tuning of the switch and cell differentiation pattern dynamics. Finally, biasing the probability of functionality of the two proteins biases the dynamics of the switch and cell differentiation patterns, especially when transcription factors retain the ability to bind DNA but have lost the ability to repress gene expression. Our results suggest that, besides transcriptional and translational levels of regulation, activation of functionalities in multi-functional proteins are an important regulator of gene networks.